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t:The exciplex formed from pyrene and l,4-dicyanobenzene in dimethoxy-

ethane solution is quenched by tetra-n-butylammonium tetrafluoroborate.

Stern-Voimer analysis reveals that the salt is a more effective qtiencher

* at low concentrations than at high concentrations. Rvlated non-LL:-.ir

effects are observe:d whe-n the yield of radical ions rormed b ci

the salt with tha 2:,-ci-Dlex is determined by laser transiunt aibsorpti-ou1

spectroscopy. r L:. pyrene radical cation is for: o: L,4w S.1

-onzentration e':en1 L*iot±~fl i4iiicdft exciplex jucnchI,'.- occuri. t:!

effects are a jounco ssocicntin of the salt to formi a uru1r

d in~er f rom a ipo I ~r :71C .r. :hc 1. c 'l 'uni'e h exciplte-:-

leads to thc ~e~tLf fr.idical iniflO tr 1- i 1Uf~t.,

g-ive iofls. e Ce nLio s:
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kExciplex intermediates play a pervasive role in organic photochem-

istry. In relatively non-polar solvents, radiative relaxation of the

exciplex often occurs in competition with chemical reactions. In more

polar solvents, dissociation of the exciplex to radical ions is the dom-

inant reaction when it is permitted energetically. Salt effects are
2

often used to control or probe organic reactions. However, only quite

*-o. recently have salts been employed in the investigation of exciplexes.3'4

Herein we report the results of a study of the interactions between

tetra-n-butylammonium tetrafluoroborate (R 4 NBF 4 ) and the exciplex formed
~*1

from singlet excited pyrene and 1,4-dicyanobenzene, (Py-DCNB), in dime-

thoxyethane (DME) solution. The findings reveal that (Py-DCNB) * is

quenched by monomeric, dipolar R4NBF 4 without formation of ions, but that

reaction of the exciplex with quadrupolar complexes (R4NBF4) 2 leads to ef-

ficient formation of pyrene radical cation (Pyt) and dicyanobenzene radical

anion (DcNB7). This phenomenon is useful both for controlling the chemical

reactions of exciplexes and for analyzing putative electron-transfer

reactions.

*q ' The fluorescence of pyrene in DME is rapidly and irreversibly quenched

by addition of DCNB, and simultaneously a new, broad emission centered at

450 nm due to (Py-DCNB) appears in the spectrum.5 The fluorescence

of pyrene is unaffected by addition of R4NBF4 , but the emission of the

exciplex is quenched by this salt. In contrast to observations reported

for related systems, 3 Stern-Volmer analysis of the exciplex quenching

by the salt reveals a distinctly non-linear relationship, Figure 1.6 In

effect, the salt is a less effective quencher at higher concentrations

than it is at the lower concentrations. Precisely the same non-linear

behavior is observed when the lifetime of the exciplex is monitored.
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Excitation of a DME solution of pyrene containing 0.02 M DCNB with

the output of a nitrogen laser (15 ns, 337 nm, 7mJ, absorbed exclusively

= 7
by the pyrene) permits analysis of these reactions by transient absorp-

tion spectroscopy. In the absence of added salt this experiment reveals,

not unexpectedly, that the radical ions are not formed from dissociation of

the exciplex in this relatively non-polar solvent. However, when the solution

9 also contains 0.05 M R 4NBF4 the absorbance of Py-+ is readily detected, and

its yield (determined from the absorbance change at 445 nm)8 is virtually

the same as that obtained from the dissociation of this exciplex in acetoni-

5+
trile solution. The yield of Pyt is dependent on the salt concentration in

a curious, non-linear way, Figure 2. Very little Pyt is formed when the

salt concentration is less than ca. 5 x 10- 3 M even though this concentra-

tion is sufficient to quench the exciplex emission significantly, Figure 1.

However, Py' is easily detected at greater salt concentrations, and its

4. yield rises steadily to the limiting value as the amount of salt increases.

This finding underscores and expands the exciplex emission quenching re-

sults; at low salt concentration the exciplex is quenched but does not

give Py', while at higher salt concentration Py'* is a major product. This non-

linear behavior is readily traced to association of R4 NBF4 to quadrupolar

dimers (R4NBF 4)2 .

The association of un-ionized salts to quadrupoles in non-polar sol-

9
vents is well-known. Figure 3 shows a plot of the apparent molecular

weight of R4 NBF 4 (determined by vapor pressure osmometry) as its con-

centration increases in DME solution. The molecular weight is seen to in-

crease monotonically over the salt concentration range where non-linear be-

havior is observed for the exciplex fluorescence quenching and for the yield

of Py.
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These observations are reasonably coupled and suggest that reaction of

the exciplex with dipolar salt results in quenching but not in radical ion

formation, and that the reaction of exciplex with quadrupolar salt gives

radical ions in good yield, probably by an ion- pair exchange process.

These concepts are illustrated in Scheme 1 and account both qualitatively
, and quantitatively for the findings if k > k.

%"" q i"

Finally, we confirmed that the radical ions formed from reaction of

salt with the exciplex in non-polar solvent give the same products as those

formed directly in polar solvent. The electron-transfer photooxidation of

V.0
trans-stilbene sensitized by 9,10-dicyanoanthracene was used as a probe.1 0

In acetonitrile this reaction gives benzaldehyde presumably by reaction of

the stilbene radical cation with super oxide. No oxidation is observed when

this reaction is attempted in DME. However addition of 0.035 M R 4NBF4 to the

DME solution leads to efficient formation of benzaldehyde.

In sum, the quenching of exciplexes by R4 NBF 4 leads to ionic dissocia-

tion at high salt concentration where formation of quadrupoles occurs. A

low salt concentration the exciplex is quenched but does not dissociate.
.

This unusual behavior may be a useful probe for the intermediacy of ionic

intermediates in photochemical processes.

Acknowledgment: This work was supported by the Office of Naval Research.

V We thank Dr. Peter Wolynes of this Department for some thoughtful suggestions.
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Scheme I

kq
(Py -DCNB) *1+ kq-p- Py + DCNB

Dipolar
salt

(Py-DCNB) I+17 * Py BF4 +R 4 N DC NB
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Captions for Figures

1) Stern-Volmer analysis of the quenching of the pyrene-dicyanobenzene

exciplex in dimethoxyethane by tetra-n-butylammonium tetrafluoroborate.

2) Double reciprocal plot of the relative yield of pyrene radical cation

against the concentration of tetra-n-butylammonium tetrafluoroborate in

dimethoxyethane.

3) Plot of the apparent molecular weight of tetra-n-butylamonium tetra-

fluoroborate as a function of concentration in dimethoxyethane.
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